Permeability of lipid membranes revised in relation to freeze-thaw processes.
Water and solute activity gradients created during freeze-thaw processes produce water and solute fluxes across the cell membrane resulting in volume changes. Under these conditions, osmotic and thermal stresses affect the curvature, the phase behavior, and the surface properties of the lipid bilayer. These structural changes are not considered by the classical formalisms describing permeability of lipid membranes to water and nonelectrolytes such as the Nernst-Planck equation, Eyring's absolute rate theory, and Kedem-Katchalsky's thermodynamic of irreversible processes approach. In this paper, the influence of such changes on the glycerol permeation kinetics are reported. The results indicate that osmotic and chemical effects of the cryoprotectant on the membrane properties affect the rate of volume swelling depending on whether the membrane is in the gel or in the liquid crystalline state.